
1 ival LIatioII of the. (kssitli  Rc.soutcc 1 ‘xcllan~,c REXX.NETI

Ralldii  R. Wc.ssem

h4s 301 -?501 )
Califmlia lnstit[ltc of’ ‘I’ccl IIIologI,y

Jc.t l’m]nllsi(m 1 ,db(m(ory  ‘”
4800  oak Gmvc dri vc.

l’asti(lcna,  Califo] llifi  91109

t;alifomia ltis[i(u(c  of ‘1’cchmlo~y
I’asadcl~a, Califorl]ia  91125

AIIS’1’RAIT1’

‘J’hc.  (Uawil~i  I< CSOUICC.  1 ‘xchang,c was dcvclopc.d to assist  tlIc. {~assini  Scic.ncc.  lnstmmcnt  Manaf,cr
will)  IIIC managcmcnl  o f  tlIc. sj)acc.craf[’s  scicvm  l~ayload. ‘1’his systcIII, un]ikc ]mvious
dcvclo]mcmt  a]qwoadlcs,  allocatd  IIK c]l{il c. mass, pmvcr, (iil(a  I’a(c,  all(l  l)lldfy’( I’csolll  CCs  fo r  lIIC
sti~llcr.  instmmcwts [[l (I1C l’rinci]ml  lnvcs[if,ators. ‘J lIe ICSLII(  rcmmd tl~c.  (’:~witli  I’rojcd  f’IOIII
solvill~ inslr{[lncn(  dc}dopmmt  issues. l’roblcms  II]at did (mur wcm  ]csolvc(l I)y tlm I’I inci]ml
lllv~’s[ig,ators  lhcmIsclvcx throu~,ll  tlm usc of a “1’C.SOUICC Cxcllallfy.” A ICS(NII  cc cxchangc.  allowed
l’li[l~.i]~al  ll]vcs(i~,atots  [0 sub]nit “bids” (i .c.., a I CX]LIC.S(  fol I csmII-ccs) [o a Litit~Ibasc.  Any otl]rl
I’I illl:i]ml  II]vcsli:,:i(ol \viti~ tlmir OWII  I csout cc issm cou]d sw’al)  rcsourccs  with il]vcstip,a[ols  in llm
(Ialal)asc. ‘1’IIc  rcsuitirlp,  tmic could  ]ni(igatc.  both i]lstl  umcIIt  pml)lmns.

1{ I ‘Y WOR1 )s: Spacccrafl,  Cassit]i, IIis[rumen(, 1 )cvcloil]mnt

1.0 J N’1’l<o]  )1 JC’1’10F!

‘I’l Ic q[]ality of (IIc.  data rcturmxi by a plalmtary I nission is (iircctly  rclakxl  10 tlm caiitm of its
i[]sll  LIIIlcIlt lmkagc. 1 lowcvcr, during ills[rumc.nt  dcwclo])lncllt  a lIllmlm  of ullforcsccl]  I csourcc.
iss[lcs Itlay a r i s e  (hat (iircc[ly  iftlpacl tl)c qualily of IItosc  inslru]]m]ts. [J]mxjmtcd  i]mmascs in
i]]s[i  LIIIIC.111  lIIass,  power, data rak or cm[ IIIay fom the l’rillci])ai  IIlvcstigatot’  (1’1 ) to rcxiucx (IK
(Xli)iibiiily  of lhciI instl  u]lmn( i f  a(iditional  rcsoul cm Callllot  l)c foul) (i. I I I  cxttc]nc cases,
instl  LIIIICIIIS  that cxcccdc.d  their  rc.sourc.c  clIvdopc. llavc lmlI rumvcxi  froIll tllc. s]):iccct  aft. ‘1’lIus,
lIow a ])rojc.ct  addwsscs  ins(rumcn(  Icsout-ce  issues (iulill:,  I )cvclqmmt  ciircdly  affcds tllc  scicmcc
I’dll] [1 f] ’()]11 tk lllissio]l.

‘1’llis imi-m will cunparc the ])as[  ap]mach for tlm a l loca t ion  o f  instmmcmt  rmouiccs  to t he
ap])l (mclI  usui  l~y tlm ~ksilli  1’] ojc.ct, III this ]m]mr,  instwlnc.]]t  clcvdopme.nf  p,mw(h 011 M am
olmu vu (N40] will bc compami  (0 tlmsc OII Cassilli. h4als Obsct vcr was usd sinm it I cymxmts
tl)c III(M rcccnl IIll]lli-i]ts[rl]]]lc]]l  spammfl  for whic]l  (iata is available.
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]’asl IIIS(I ~illmt dcvclo] II IkIIl appmclm ~ti)lill~lc to e v o l v e ,  l)ilil[litly, ujmn lcssoIIs Iramc.d fro]ll
p cvious  a]qwoacllcs. III p,cIlcItil,  [IIC illdividuat  m~msiblc 1’01-  f:uiding Ittc irts{ru]lmlils Itlroufjl

1 kvclopInc.I~t is lIK l’rojed’s  Scimm lIls(rLInmt h4aTlagc] (SIM ). ‘1’lIc  Slh4’s  I-OIC Iq,ins w i t h
rc.vic.winp,  tlm instmlmmt  proposfils. ‘1’lme. p r o p o s a l s  I“cs])olldcd to a  RC(]lI(A 1  k)I ]’l”()])()sals

(1<]  ‘J’) SCJI1 out by Ihc. NatioJM]  kwlialJtics  aJKl  Space. A(lJl)iIliS[l”alioJl  (NASA).

‘J’llc Slh4, alol)g  w i t h  a SJII:I]I [ C a i n  o f  cxl)cl’ls with tXKkf,IOUJKk  in mcdmid  SySkJllS  all(l
avioJ)ics, cvalua[c  tlm p r o p o s a l s  f o r  tcxllnical  and  JnaJ}ap,cJ’ial  coJltcJlt. ‘ 1  ‘k t r o l l )  dctcJ’mitlcs  fhc

cic~”,rcc  o f ’  coJnpatit)ility  of cacll pmposd ins(l LIJIEJIt  to tlIc ])lanmxl  s])acccJaft  II US. ‘1’lmil  results
aIc I CI)OJld bad to N A S A .  lIIdc])cJIdcJ)tly,  N A S A  sc.lccts a scicJwc. Jcvicw b e a d  to c.val~late  cad

I)ro])osa]”  aIId raJIk ltmJll :moJdi]JS !0 thei] ;Il]ilily 10 Jnc.ct t h e  s c i e n c e  otjcctivcs of (Ilc lnissio]l.
I;illal  clc.ctioa  of t h e  ills  ~ ulncnt pay]oad i s  I  .,tIdc. by Ihc N A S A  ]ssociatc  Adtllil]i~  I titoJ  fol Space
Scicl]c.

OJICC  sc.]cctcd,  (]K 1 ’ 1 s  sig,Jl a ] dk.J’  o f  Ay,lc.cmc.Jlt  (] .OA) sj”mcifying  t h e  J’CNUJ’CCS  [hal  wi]] t)c.

rc.(]uircxl  (0 buil(i the. ir  iastruJncnt. II) CSSCIICC,  tlwsc  lcttcJs ale c o n t r a c t s  w i t h  tlIc pro~cct,

col)lfttiflin~ il 10 povidc a  Jcsourcc  cl]vc.lo])c ill wl)ich an i]]vcslif,alm can build an insllumcx]t  f-w
tlwil spWCCJ’;[ft. I II  ICIIIIII,  the 1’1 colnltlits [0 l)uilcliJ)g  the.  ]m)]md  iJMrulnc.n( 1’01 a  s p e c i f i c  cost

ai)[l ~lt~livcry  d a t e . ‘1’~]liL’:ll]y  lhC Colltl’/l(’l  iS 10]” t\V()  iIIS(l’LIJIKll[S; al) 1 hg,ilK.C.l”il):’,  h4del,  USC.(I k

qualif’y the ilmtrumct~l  in a simulate.d space cJlvitol]ma]t,  aIKl a lilig,llt  Mdcl, which  w i l l  bc
allacl  I[. {i 10 tlIc sl)acc.c[  aft aad launched 10 [IIC tar~ct  body.

lhl  Jillp, inslralncw[  dcvc]opmcnt,  many lmd)lcIJIs Iyl)ically occllr. ‘1’hcsc  pIdJlc.]IIs  a] isc fro]] llIc
lCVC1  of” I isk acr.cptd by tllc 1’1. III ]nost cases, (lc\’c.lc)])lllcIIt:Il  risk conlcs  fmn tlIc.  1’1’s dcsi]c to
bui]l  a slate-of-tlm all iJlstl’lllnc.llt  JKcdcd  foI a t] IoI”ouII,il  invc.st  i?,a(ioll  of l]m  il)tcJl(kxl  Ial f,c.t. As dlc.
j)ld)lcl  11s Occ.111’, tlIc 1‘1’s lINtrunwIIt  1 lll~,iiwc]  (11:) r e a l l o c a t e s  I csourccs  10 r c . s o l v e  tlIc i s s u e s .

~]ll[ol [llll~tk$’,  SO1)IC.  o f ”  [I ICSC.  ClldkXl&X lC(]llil”C  JIIOJ’C JCSOUI”CCS  [IN] al’C.  aV;ii]a~)]C  (() ([K  ]Ii.

Wilcll :111 il]s(lltt]olli][:l[)lc  problcm  :I])JMIJ’S, [Itc 1’1 IIIIIIS  10 tt)c SIN4 for additional rcsouwcs. At
t]lis  poiJlt  the SIM has IIIaIIy quc.stions  to ad(ircss. SOINC of thcJn ale:

1, 1)0 1 have the required rcsmrccs  [0 SOIVC  tllc lm)blcIII?
?. 1 Xws tk instr~imclll  prol)lcm Icsult f]olll an i[mcasc irl i[ls(mtncllt  scq)c 01 just a

tc.chllical  issue associate.d with tlIc.  dc.sired iIls(rut-ncJlt?
3. Wil] ott]c.J invcstigatio]~s  develop  pmblcIns  that will Jc.quirc  (lIc. rcsoulccs  used 10

SO]VC! tk CU1’l”CI)t  iIIStl”llJllCJlt  pI”ot)]CIJl?

4 .  lf tlIcx arc fulurc imtrulm)( ])rol)lcms, w i l l  tlmy t)c lIK)IC i[nj)orlan(  to solve.  tlIan

t]lC. Clll’1’CJ)t  illStl’LIJllCllt  ]JJ’Ob]CJH?

Obviously, lII:iIIy  of these  qucs[io]ls  c:tn not bc answcJd apriori. 1 lowc.vcr, what is kIIOWJI  is [hat
instl II IIKHIt (cams cam  m o s t l y  about  the quality  of the.iJ own ins[l  ultmt,  t h e  q u a l i t y  o f  a n y
i[ls[lu[Im]l  imcascs  vii[tl  [lIc ilmmsc o f  IcsouIccs  assip,md  10 il, WI(I lllat  at  k-lsl  ollc o f  Illc
sc.lcctc(l  il]strullm]ts  will require aII itlcl c.asc in msourcc.  s. ‘1’able 1 Snows (Ilc ])C.ICC.11(  cost g,l’owth
01 pas[ s]mcccrafl  coallacls and their associated ]mfy ares. Note that  i]~strulnml[  cost F, I ow(tls ale
includcxl  in tlw spacmrafl  contract cos(.



A s  IIIC t:il)lc  clmrly SIIOWS, cost growIII is it cc~IIIIn(NI laclor  ill IIK dc.vc.lopme.IIt  of aI~y slmcccraf[.
WII:I( is 110[  clear, is hOw 10 lni[ifl[ilc  IIIC CM f(w a(kli[im}a]  Ic.wurccs  in OIc fixed-]wim cJlviloIjJmnl
fm I)llil(linf,  t(xl~y  ’s spacccraf(.

‘1’al)l(’  1: 1’CITCIII {kwt (;rowth  f’(w  I’A Space hflissions]
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MVM = Mariner VcIIus/MctGIIIy (1973)
(JA1<S  = llppm AIIIIOSplKUC RCSCAICII  Satclli[c  (1991 )
(;1<0 ~ (kmq)t(m  (;:llllma IGty  obsc.1’v:ltory  ( 1 990)
h4 A(.; : h4agcllal]  ( 1 ‘W)
‘1’01’11X = “1’opo~,I:~ldly 1 lx})clilllc]]t/l’I  )sc.i(l(Jll  ( 1 992)
<;(;S = Glolml  (kmlmcc. Sciclm (Wi[ld aIId l’olar)
h40  u h4m  ot)SC.1 \IcI’  ( ] ~~?)

(iol  N = (;c(~sytlct]lo]l(}tls  OIJcra(io]l:il  l{lllil{)lllllc]]t;il  S:[tc.lli[c

‘IIIc ICSLII[  is lhal tlK~ Slh4 faces lhc. daul]linp,  task of (I yill~,  10 alloca(c  fini[c rmmrcc. s 10 all
LIIIdctcl  ll~ild Jlumbcr  of iJ]stmmctlt  dcvcloptmIt  issues wi(hmt  tlIc.  benefit of knowill~  wlmllm
(IK pIt)l)lcIIIs  :Imsc fmIII aII incmisc. ill i[lstru]ncll[  sc(qR dn ullanticip(cd  tccl]nical c.l]allcl}~,c, OI
silll])ly  an ovcJsif,h(  ill the initial allocaliol) of’ Iu.sou Iccs.

~ ] h4ars  ~)bSC1’\’Cl’  ]IMtlUI’IEJIt  ~ht and h4  :\SS <;ltJ\4’(h

‘1’hc  potc.ntiaily  tlti7Jardmls  effect of inslmmcult  CW alId ]nass growth  can result it) instrunlcll(
dcscopcs  (i]] capability) m deselect ion (fro]]) IIIC scicmc ]Myload). III tlm case of h4ars OINNwcr,
(IIC illS[l’lllllCll( MN( d JMSS ~lOW(llS (SM! ‘1’{dk  ? & ~) l’CSll][Cd  iIl (k! SCOpiJl#,  of th(! ]<A])A}<
Altitllctc.r  & l<:dio]mtcr  (l<Al<) fm tlIc sitn])lc]  h4als OINX\Icr  1 mm  Al[i]nckr (MOl A), aIKl tlIc.
dc-sc.]cdion  of the. Visual  & ]IIfJ’aI’c.d  h4ap])ing, Spcctr  OJnc.tcJ  (v] h4S). ‘1’tm  Radio  Sciclm (1<S)
aII(l tlIc. Ma:,  mtomcic.  r (MAC;)  ins(nllw]~ts  wm.. IIC)t im.lukd iti tllc.se. hiblc,s  as IIKN of 1<S’s
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‘1 ‘Im ( ksil]i  Scicmcc.  MaIIa~,cnKu]I l’la])  allows (IIC il]s[rumcmt  ktilm to ltadc rcsouIccs  allocakd  to
tllclll  (Illass, powcl”, data rate and fundillp,) in ordu  to ]cso]vc Icsolllcc  issues. S]xwifically,  tllc
S I M  wou]d not ho](i rcscrvcs  for ins[rumc.IIt  clc.\Tel[)]JIIlcI]t difficmltics,  i n s t ead  all Icsmms  WCJ”C
allocated to tlm instrunmlt  tc.ams. ‘1’lK ills[nllncl)t  teams tlKII used their allocakxl I csourcxs  to
dcvdop thcil instrument. ‘J’hc promss  o f  ini(ial I c . s o u r c e  a l l o c a t i o n s ”  occumd  Wllcll [I)c  ])rojcct

i s s u e . ( 1  1,dIcIs o f  ACICC.]]E]JI  (1 .OA) to c.acll  i[lstrulnc.nt  1 ’ 1  IIHII conlaincd  their :illoc:iti(m o f
I csout CCS. If the 1’1 si~nc.ci tlm 1.0A, [I my accc.ptcd ihc agrczmmt and tk allocation.

I )LII ill!, tIIC cmrsc.  of CIc\IcI()])IIIc.I)t,  if an instrument cmld m)t IIKWI ~~l~il 1.C)A, lIICY WOUICI lMXXMIIC
catdiflalc’i fm dc.scope.s or (’;~ncdlatioll, ‘j’a~)]c.  I shows [k 1,OA s[ructllrc.  Notice llIIt tlIc ] ,OA
idcl)tific: llIc illstrummlt’s II ,<!ss, p e a k  powc.r, :1: :[1 ]XA (iata 1 atc :1 ~Jcntioll  as wc.11 as inc. fundil]g,
I)lofilcs Ior its devclopmc]~t. All 1.OAs wcw sIp,I1cd  by the 1’1 aIILl (I1c Cassini  l’rqic,t  Mana~cr.
‘J’IIc ncx( step in the process was (0 dcsigy  a systcvn  for tradill~,  mourccs.

1 JVJ”l’liR 011’ AGl<llliMtlN’J’

‘l-his  1,ctkr  ~)f Agrccmcnt  (1 ,OA) Imtwccn  tlm (ksil  I i I)rojcd
aTKi  the ]’1’ill(’ipal ]nvcst ip,atm’  (])]) for the, ~ksifti  ( )l)’l’l<~Al.
invcs[igalioll  is for the cmducl  of [Ilat  itlvcstigatioll  (luli]]~  the
lkvckymwt][  l’l]asc (1 Oc[ol)r[ 1989 to 15 NOVC]I]IK:I I W/).

A. ‘]k ]’] :iP.1’CCS  to:

1].

. .
l’crfOrm  tlIc scrvicxs  and p r o v i d e .  t h e  dclivcral)lcs a s

spc.cificxl  in Rcfcrcncc  1 wi(llin tllc rcsourcc  ])1 ofllcs . . . . .

Rcsoum l’mf i Ic

Mass Allocation: 36.2.1 k{:
l’cak l’ciik

Allocations by O1mratiol)al  htodc l’mv(!s 1 )a(a Rate.
h40(Ic 01<S 32.5 w 6.() kbps
Mc)(1c.  I< AllAl< ]9.5  w 0.() kbps
Mode 1<SS 19.5 w 0.() kty)s

1 hndin~, l’rofilc Allocation (Rc.al  Years $k)
IIardwal’c liY90/1 1o’92 liY93 1) ’94

Gs]’c 1161 3?39 4004 7504
NASA IIQ 50 103 111 133

Scic.llcc
GS1’(~  - Smith 1?4 76 0 0
J]’] .- J()]lcs 5 38 27 28

—---- ..-. - ----- . . . . . . . . .- - - - - -  - - -  - --:. ::.. - - - -  - - - -  -.==:  :—::= ::=
Cent in:,c:ncy o 0 0 0

::- .--: :: -.: ==:: :-:::  :::: :=-- - - - -
‘lkd IMO 3 4 5 6 4142 766s

‘J’a])l~~ 1: SfIWCtIIIII  Of a ] ,ctter O f  AgI.CCI~I(IIIt



11} Or(kv” 10 [IW]c t h i s  m a n y  illlcmlalc(l  rcsolllccs, an orp,ani7c(l  cxchfingc w a s  (lcsi{~ncd  and
illlj)lcll)clll~:cl.  ‘1’k cxclIiIII~I,L allows  imtrallwlll  lLdiIls to subl]~il  llicl~ (C)ffcrs to cxclI:III:I,r  OIIC sd of
I c.source alnounts  for  amthc.r  set d rcsoul cc wnoa]lts)  tlmt all participants  cm] view atld cou~ltcl
will  I otlm offers, or acmpt the. stat d bid. ‘1’wo itltc.rcstillf,  features of Illis  Cxclmligc tlmt cm]not k
found  cm ally otlm 0] p,anizcd cxclmgd’  arc:

1. I’ackaSc bids: ‘] ’l)csc  al~ OIXIC,IS  tlla[ a l l o w  }mr(icipmts to t i c .  dclnands  tog,ctlmr.
S]mcifically,  portfolios or /JfIck(I~c,f of Icsolll’ccs  call bc offered. 1 ‘or cxaln])lc, if an
insttummt tcanl rc.quircs a lninilnull] almullt of watts in scvcxd  opc.rating  modes, a bid of
1 watt in mdc A an[i 1 watt in IImdc 11 ad 1 wa[t in mode C in cxclmn~c for $ 12K itt
1W95 and $131< in 10’96  funds  woul(i  k ]msiblc. ‘1’hcse  allow for all or nothing and
l):ir[ial  fulfillment of bids as skttcd  by ttw ]mlici])ant.

? .Slmtl Syskm  (0 \ccL]tc c h a i n s :  (ii ~~ L~.J)  llm wwicly  oi I csourccs  and st 1 I II nutnhcr  o f
l~ar[icipallts,  bila((l  ill ttadinp, may 1101 suffice. Spccifl~:illy, several par[icllmtlts may k
t tcdcd  to complc.fc.  a t radc. ‘ll}is  ]hmomcma  is rcfc.mxl  to as a “lack of coincidence of
wa[~(s.” WhcII OIlc participant wal~ts ]mwci  for mass aid al~o[lmr  wants  mass for fulldinf,j
they would  nc.cd anothc]  participant to cnnplc.tc  tlm chail~ who would bc willing 10 trade
fundi n~, for J> OWCt’. ‘1’his systc.m will find such colnt~ina[ions  if the.y exist.

Sili(c  ])0 such systctll lltis I)ccll usc.d t~cfm,  tl ICC ]It ojc.c[ al]owcci 1 ~)r pm tcstinc  of ttlc systcq  usil~p,
C.x])rli[]mtal Inc.thods ill cconolnics  (see 1 ,cfiyald d dl. ( 1 994) f~)l dct:iils of this lllclllod)  . ‘1’llc
tests t~’vcalcxi  that the. syslc]n was feasible atld wmld allow tc.at]is  10 fild cllaills  and cxccutc  trades
it) an c. fl”icicmt  Inallncr. II) ptirticular, the rLX21dI usc.(1 a si]mlalion  will]  real human  par(ici]mk
ald found that all possible tt-adcs wc.rc cxc.cu[d.

3. I (Iassil)i ‘J’rirdil)p,  IIistory

‘Ilm ( hssitli  Rcsourcc. 1 ixctlang,c is a collllJll[t’.tiz,c(l  llltllti-(lill}  c.tlsi[~[lfil txltlcr systclll that resides on
[IIc. lIItcrIKt.  As a point of history, it was tllc filst “MI” tladill~,  syskln  (Ilat used tl]c llltctl~ct  as the
c~)l]~lt~~lt~ic:i(iol]  Ilc.twork.  Altlmrh  IIJIIA future.s was in cxistcmcc prior  to tl)c ~ltssini  lixcl  IaIljT,c,

now  I);.il;g  usc(i to tra(lc’  1  hiss  ion <kxlits  ill tllc
(SCC tlm wc.bsitc 1)((])  ://\\’\\J\v.oj)  cll(loOI’.c(}ll:  icccc.-

. .
it did l)ot trade in real rcsourcc.s,  only “play” lno1lc% (See Rcfcrc.nkc  4). ‘1’k  (Iassitli l<c.sml;cc
];xchanp,c.  dcsif,tt  I)as bccm lnodific.d and i s
SmItlKVI~  (:alifomia  R] El .A1 A4 ]m~,tam
t))k[/()])c.ll(  1()() 1’.t)tllll).

While. tlm (%sini Rcsonrcc  1 ixcl)angc is coil-l]~lltc.li~c.(l, it is a vmy thin ll]wkct (few particil)ants
an(i low volulnc)  an(] p a r t i c i p a n t s  rawly  adivalc  tk systcm fmll dmit cmnputc.rs. lns[c.  ad,
par[icil)atl(s  comlnul]icatcxl  by c-mail  or plmnc.  calls to IIIC ]nmkct coordinator WIM ctltcrcd l)ids and
twlc i}lfomation  into the syslcm and rc.laycxl tl]at  it] fmmalion  via c-tnail to parlici])allts.k’

‘1 ‘1’wo I)(ial)lc  c.xcc])lions  arc. IIIC po]lfolio 11 ading sysLcIIIs I utI t~y Nctl~xcl  IatI~,c (see Ilm ivcbsilc
1111] )://MI\\I\\I.[)  [)cIIcl(joI .ct)III/:Icc-II  Ikl/()]Ir.II(lc)  (~I .lItIII1 fw iilf[~l  Illalioll) and 1’0S1’1’ (see tlic wchsitc
l]tt])://\\’w\\’.  itpcol]l])/)
“ ‘I’l  Ic II I:iIkcl  rm)ldinator was cssc]llially  a fyadualc s{udc.nl a~ (hlkclI wlIo otI occasio!l  clmkd (IIC syslcmI, Clltcl cd
t~ids and scml c-lnail to Imi [ic.ipank dc.sc[ihin~  IIm CUIICIIl bids.



I ‘. .,

llIIing tlIc car]y bis!ory  of Ibc tmcling system (Mc 1993  to cmly 1995), bidding aIId tradit)s  we.rc.
brisk.  ‘J’(} date, IIICIC IIavc  been 29 lrdcs witl)  all but fwo lradcs involvjng  money and mass. WTC
wi 1 I call trdcs of curIcIIt  fiscal year (1 ‘Y) lu nds for f~lt urc 1 ‘Y fLIIlds  money IIu-dmt 1 Iadcs. 111
1 ~igmc.  1, wc show the ac[ivity of IImcy  markd  [I X( ICS from tbc beginning of 1JY93 to prcsc.nt.
‘1 ‘Ilc figure s] If) ws dm imp] icd interest rate. Imt wcm lr:dcs of cwrrcml  year fund inf, for fut urc. yCal-
funding.  I@ I c.xaInplc, a (ride at [he. beginning  of Ihc fiscal yc:tr of $2.00K jn rCtLIrII  for $2 12K  in
[IIC lIc.x[ fiscal year would  bc smm as a 6% rate on the firapb, III all, hm were 16 cmIIIacts with
mm 4 ]i~illiwl  dollars in fuINls traded in (I1c money  mN kct at an :IVCMRC. MC of 8.475%.

Figure 1: Money Market Activity
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]11  []IC  IIHISS mwkc[, clII’J’c.nt and f u t u r e  y e a r  flll)ds WCI’C (rxdcd  in rctum fm’ kilc)gralns Of II IHSS.

1 ~i~,urc.  2? S]IOWS l]IC t a l c s  that occutrcd  i n  t h e  IIIaSS lnnrkct. ‘IIIc tmdcs  are  lislcd  ill $k pcr
kilo~yaln.  III this figure  we see tlIc most dramatic ]micc  CINIIISCS  with mass prim fidllil)g  flom  a
l~ipj] of $ 105K in the car] y part of [h projcd to a low of $5K pm k i logram neat  iIIS{ILImCIIt
complctim, ‘1’lIc ]narkcl  turned out to bavc aIl abundance  of Inass so thd imlrumcn(s  did [In

F’igure 2: Mass Market Activity
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C~l’:CllClll  j[)b of  llliill:l~ill~, lhCil’ ll)il SS allocations. ‘1’l)is I]:is mt bccll tlm history  of flip,ht  ploiccts,
wi[h ]Ims bcillg a vc.fy deal c.omlmdily  IIe.aI  tlIe p ojcd coml)lctiml. IIldccd, Wllcll k! Syslc.m  w a s

first pqmcd, several ]J:irtici]Jallls  Il)mght  that Inass lwiccs wmlld be VCI y hi~ll with no OIIC I)cillg
al)lc.  to afl’ot~l  l]]ass if (hc.y rati itl[o difficmltic.s. ‘1’ili~ lIas not km tll: caw. ‘J’tm’c. Ilai’t INui) 1 1
cmIItIacts witl]  ovcx 12 kilop,rams cxcllangcd.

Recall tlm[ power (peak power ill Walls)  ml data Jatc were dcsigwitcd  hy Opmliollal  ]Imic, ‘1’ha[
is, tlmm al c 6 space.craft opcuatioml  Imxics  that identify wlmlI an ills(l  unlcn( will bc (JII taking  data.
I f  ail imtmlmml  quid l]mc powcl, it nc.c(kxl to oblain p o w e r  ill a l l  the opmtioml  lllodc.s  i]]
which  tl)a( ilmc:iscd  powcx was quid. ‘Illis is a I]luch mole, COIIIJ)]CX c o m m o d i t y  alici twoacilc,s
tim opc.rat  imal ]>0]1 icm of the mission. As SUCII,  not IINCiI  activity was rcgistcmxi  for these
co]l]modil its. Very fc.w hi(is wc.rc tcmdcrcd  for po\\’cI  an(i ml y two t raks occurrcci. ‘1 ‘Imc  tracics
ha(i 2. wat (s of powm  llacicxi  across five opc.rat  imal mocies at a ]wicc of appmxill~atcly  $20K/wat[.

1 Ma ra[c (k I )\)s across  opcra[i(}[  [al t[mdcs) wits It< )1 WC]] udcrstoo[l  I)y pallicipallts  ai][l  (iici not
il]clll(ic storag,c possibilities. No trades  were. Inadc. for ti~is IC.SOLIIG 1]] fact, tmt a sing]c bi(i was
Icllcicl’cd.

‘1’al)]cs  4 & 5 show the (%sit]i  itls[ml~lcnt  cos[ atl(l ll)ass p,mwth io] tllc  fotlr-year pmiod  bdwcc]l
(I)c.  sip,ftiltj’,  of the 1.OA in 199? aIKl Itlc ManaCCIIILIII  h40]]thly l&qm I i, dakd 1996 JUIIC. ll]st[ul~)cll[
naIIIc.s  were wi[hhc](i  Lllltil  finai  illstmmclll  (icliw:lics, which arc. cxpcc[cxi 1996 lll]y 1 S.

‘J’able 4: (hssini’s  instrument (hst (;rowt116

~~ LOA Cost, 1992
~ Estimated Cost, 1996

1 2 3 4 5 6 7 8 9 10 11 12

Instrument
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lnStILIIIICIIt  cost p,mwth across  all twe lve  <Msini  (Jrbitcr  science inslr(lmctlls  avmfyxi  1(ss  than
1%. 1  Ovc o f  t h e  il~vcstigatiolls  actual]y ha(i (hxcascd in cost. ‘J’able 5 Snows at] avel’a~c
i[lstrul)]crt[  mass p,tmv[lI  of slij!l]tly ]mwc tlIaI) 4%, wilh four invcsli$, ali(u)s rc.quirir]:  1(’ss  IIIa SS fcw
[I)cil  l;li:,l][  h40dcl tl]an  wai iIll(x;i(cd to tluan  ill [Ilcil  1,OA.

‘J’able S: (;assini’s ]nslrumcnt M a s s  Growth

I
m LOA Mass, 1992
~ Estimated Mass, 1996

1 2 3 4 5 6 7 8 9 10 11 12

It i s  al)tic. ipatcd (hat a l l  twdvc Orbi(cr scic.ncc invcs(igati(ms w i l l  bc. ilwludc.d  011 (Msilli  w i t h  1)0
dcsco]xx  of ills[mmcmt  c a p a b i l i t y .

3 . 3  A  (:assil]i h4ass A11ctiotl

~)l]coftl lclll(~rcll  tlllsllal(la(lcs  i!l\’ol\’c(itllcl<:icli(J&  l’lasll)a  VTa\’c. S~ll>syslclll  ( l< l ’WS) .  in this
casc,  tlIc. RI’WS clcctrica [ltcllllasll:i(lt[  )l)c.lllo~’c(l  floln (Imcml of tlm MagImtomc(cI  110011) to IIIC.
spacmafl  lmctmdy  for spacccmf[ stability rcmoils. h4m’il~gtlm  ai]tcmtlas  [o thchawlmdy  was a
JWW slmccraft  quimmcmt,  tmt would  cost tl]cl’1 c.itlm  14 kg, of llmsplus  $300  k for the. thickcx

1 ~~ 1/8” diamctcl al~tcml~as  CM mm mass plus $626 k for the mw 3/4” al]tc]~l~as.s

‘1’lm ( ;;]ssil)i  Spaccmafl  office.  l)ad lI]ass but ~lo dollals  to alleviate tlm problcm. ‘J’l~c,l~,solllli[)ll  WaS
lll:~ttllcl’lojcctl]  cl(i:il~lassal lctiol~.  Sillccl  <l'\3~Sc  lcsilc(l(llc  tllickctalltcl  }llas,tllc.]  )latl\vast()  sell
$32.6kof  ]Ilasstol  ])akcllj)t  l]c(liffc]c.[)ccil]  cost t)ct~$~c.cl)tl)ct~vc)  R]’WS o])tims. ‘J’llcauctioll
accq)tc.  d “t)lin(i’>  bids from tlm 1’1s. “J’hat is, each 1’1 who desired additimal  l]lass sllbmittcd a bid



fol x kg a t  $)’/kg. ‘1’hc bids w e r e  opcmxl by tllc l’rojcd  ad arrm~c.d  in dcsccmlillg  micr
accorciii~g  to the highest $Y/kg  bid. Mass was sold utltil  $326 k was raise.d.

Results from the allc(ion rcvcaleci  [hat 10 bids rcqacstin~  20.4 kg were submitted. ‘Ihc avcrap,c  bid
prim pcr kilogram of mass was $46 k. ‘J’hc l’rojcc[  sold 4.634 kg at all average prim of $70.35
Mkg. “1’hc aUctiol)  was viewed as “qllitc swccssfal”  and was only possible bccausc  the. 1’1s were in
Col)trol  of tllcir ICSOU1’CCS.

4 .() CONC1 .[JSlONS

l’as[ approaches for allocating rcsmrccs  to 1’1s always rcsicicd in the l’rojcd office.. ‘1’hcmgh the
a p p r o a c h  h a s  c.cml  itluc.(1  to ilnprovc ~~,illl  each  lnissiol), tlIc c h a l l e n g e s  of (Ilc systcm lcmlaimxl. ‘1’tlc.
S1 M had to alloc~c  a limitccl  amoul  ~ of rcsot]rccs  (o 1)1\ :is problems :ir(~ c. “Jllis  pmvidcd  ~hc
w r i n g  imcmtivc 10 the illstrumcllt  dcvclopcrs. 1( rcivardcd  illstrllmcnt (cam f o r  dcvcl[)l JIl)g
imhwmcllt  prob]cms  car]y. ‘1’his approach also ford the SIM (o make cduca[cd guesses abou[ the
SOlll’CC  O f  tk iIMtl’LllllCIlt ])roblcms. ‘1 here wm no metrics to help dctcrl]lil]c  i f  t he  p rob lem
rewlkd from all imreasc ill imlrumclll  scope, aa tlwitllicipalcc]  tcc]mical challcmgc,  or simply an
ovcI  sight  in the initial allocation of rcsourccs. l~inally,  omc. tlm SIM exhausts his rcsourcc.s,
imlt  llmcl]ts  tha( cncomtcrcd  additional diffictlltics were either dcscopcd  or do sclcctcd  from the
mission.

‘Illc Cassilli  Rcs(wrcc  1 ixch:i])gc  I L.t Imvcd the  rcsjmllsibility  of solvillp,  illstrlllmlt dcvclol)lllctlt
issllcs from the SIM ad placed it back cm the 1’1s thcmsdvcs. Research imiicatc.s  that fcw
missio~]s,  if ally, had rcsoumx  availab]c aftc.r  instt  L1l]EDI dcvc.iopmmt  to rctam to tllc  Projc.et, as
was the case with Cassini.

‘1’lm c.xchal~gc  sys[cl~l  cii(i i~avc ils p r o b l e m s . A s  t h e  syslc]]t  was  (icsignc{i,  t}tcrc was  ]Io
contlcction bctwccm  1 )cvclqmm{  al)(i (IIc. Opcratimlal })i)asc of tim missiol). If all illslrumcllt iMCi  a
pl ohlcl])  late in 1 )cvclqmcmt  a]](i Il)c ml]aillillg  illslru]lmtl(s  were built, there were llo illccmtivcs  (0
imlp tllc strug~lit)g it]vcs(igation. ‘1’hc 10A (iici  state that rcsi(iual  rc.smlrccs  wmllci  lc.vcrt  back to
tlw. l)rojcct aftc.r  1 ‘Iip,llt  h40(ic.1 del ivery,  lmt  in !nost cases [his may I)c. too la(c to hc,lp the
Llllfor(llnatc  illvcstigaticm. 11 is lccc)llllllcll(lc(i  that if future missio~is  mc ti~is systcm,  a mcclmislll
bc put in p]acc  that straci(ilcs  the llcvciopmcm(  aa(i opcratimlal  phases of the IIlissioll.

oll a final llotc, the. success of the Cassini  Rcsotlrcc  1 ixchai]g,c  has promptcci  Cilampoilim,  om of
tl~c two comet lat](ic.rs  i~tta~il~(i  tc) (Ilc. Rosct(a hfl ission, to cmsi(icr usil~g the systc]]l  (o mamgc its
power ami ciata volume.
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